Japanese Patent No. 3010211 

[Title of the Invention] Welding method 
[Claims] 

1. A welding method characterized by performing arc welding on weld metal by 
using a welding material of which martensite transformation expansion terminates at 
room temperature where the welding is complete or in its vicinity, and a shielding gas 
containing carbon dioxide gas. 

2. The welding method of claim 1, wherein the welding material is an alloy 
containing Ni and Cr. 

3. The welding method of claim 1 or 2, wherein the shielding gas contains 
carbon dioxide gas by 10% or more, and also contains an inert gas. 

4. The welding method of any one of claims 1 to 3, wherein it is performed as 
repair welding. 

[Detailed Description of the Invention] 
[Technical Field] 

The present invention relates to a welding method. More particularly, the 
invention relates to a new arc welding method suited to welding while improving the 
fatigue strength and preventing weld crack, and also useful for repair welding of structure. 
[Background Art] 

Hitherto, in welding of structure or in welding for repair, tensile residual stress 
was often induced in the weld zone due to shrinkage by cooling, and the fatigue strength of 
weld zone was lowered extremely, and weld crack was inevitable. The conventional 
welding method had such problems because the weld metal shrinks near room 
temperature at the final stage of welding to induce tensile residual stress, and the fatigue 
strength is extremely lowered due to this stress ratio effect. The tensile residual stress 
results in cracks. 

The invention is intended, as described above, to solve the problems of the prior 
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art, and presents a new and improved arc welding method capable of easily increasing the 
compressive residual stress induced at the end portion of welding by deepening the 
penetration of weld metal, and effective for improving fatigue strength and preventing 
weld crack. 

[Means for Solving Problems] 

To solve the problems, a first aspect of the invention presents a welding method 
characterized by performing arc welding on weld metal by using a welding material of 
which martensite transformation expansion terminates at room temperature where the 
welding is complete or in its vicinity, and a shielding gas containing carbon dioxide gas. 

Concerning this method, in a second aspect of the invention, the welding material 
is an alloy containing Ni and Cr, in a third aspect, the shielding gas contains carbon 
dioxide gas by 10% or more, and also contains an inert gas, and in a fourth aspect, it is 
performed as repair welding. 
[Embodiments of the Invention] 

The invention has the features as mentioned above, and the welding method of 
the invention is, in principle, characterized by applying a compressing welding residual 
stress to the weld zone by making use of transformation expansion of welding material, 
enhancing the fatigue strength of weld zone by its stress ratio effect, and welding without 
inducing weld crack in the object having intrinsic problem of weld crack. 

The welding material is a material which terminates its martensite 
transformation expansion at room temperature where the welding is complete or in its 
vicinity. Such welding material may be properly selected from alloy materials containing 
Ni and Cr. Generally, a preferred example is an iron-based alloy in the chemical 
composition (wt.%) of Ni: 2 to 20%, Cr: 2 to 20, C (carbon): 0.5 or less, Si: 0.5 or less, Mn: 
2.0 or less, and Mo: 0.5 or less. 

As required, of course, Nb, Ti, Al, W, Ta, V, Hf , or Zr may be added by 0.5 % or 
less. The total content of metal elements excluding Ni and Cr should be preferably 5.0% 
or less. The shielding gas for welding contains, in the invention, carbon dioxide gas (CO2), 
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and is preferably a mixed gas with inert gas such as Ar (argon), or carbon dioxide gas 
alone without containing inert gas. In the case of mixed gas, the concentration of carbon 
dioxide gas is at least 10 vol. % or more, preferably 20 vol. % or more. Most preferably, 
the shielding gas is 100% C0 2 . 

Welding is arc welding. In this invention, by using a welding rod of which 
transformation terminates near room temperature and a shielding gas containing carbon 
dioxide gas, the weld metal penetrates deeply into the base metal side, and the residual 
stress near the welding end portion is easily compressed. As a result, the fatigue strength 
of weld zone is improved, and weld crack is prevented. 

The method of the invention is more specifically described below by referring to 
an embodiment. 
[Embodiment] 

As shown in Fig. 1, a joint structure was formed by welding an annex 2 to a main 
steel plate 1 by angular rotation welding. The main steel plate 1 has a thickness of 20 mm, 
a width of 240 mm, and a length of 800 mm, and the annex 2 has a thickness of 20 mm, a 
height of 50 mm, and a length of 150 mm, and starting from the middle between the ends 
in the longitudinal direction of the annex 2, welding was performed to right and left A, B, 
to the middle between the ends in the opposite direction. A welding layer 3 was a single 
layer. 

A welding material rod is an iron-based alloy of 1.2 mm in diameter, in the 
composition of 0.025 wt. % of C, 032 wt. % of Si, 0.70 wt. % of Mn, 10 wt. % of Ni, 10 wt. % 
of Cr, and 0.13 wt. % of Mo. Terminating martensite transformation near room 
temperature, this alloy induces compressive residual stress in weld metal as shown by solid 
line in Fig. 2. 

Fig. 3 shows results of welding by changing the shield gas. That is, 98 % Ar and 
2% 0 2 (conventional shielding gas) in (a), 80% Ar and 20% C0 2 in (b), and 100% C0 2 in 
(c). In the case of (c), penetration into the plate inside is deeper. By build-up welding 
for filling the shrinkage cavities of cast products, the conventional welding method caused 
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weld cracks due to welding tensile residual stress, but the build-up welding by the method 
of the invention did not produce weld crack. In this embodiment, shrinkage cavities were 
repaired, but it may be also used in repair of welding defects. 

Fig. 4 is an S-N curve showing fatigue characteristic. The fatigue characteristic 
of conventional welding joint indicated by circle mark is located at the left side of the 
diagram, and the characteristic of the joint by the method of the invention indicated by 
triangle mark is located at the right side, and the fatigue strength of the joint of the 
invention is improved as compared with that of the conventional one. Next, by repair 
welding by the method of the invention, an example of improved fatigue strength is shown. 
By repeating stress in a range of 100 MPa, the conventional joint produced fatigue crack 
in 1.72 x 10 s times. Removing this crack, by repairing by build-up welding according to 
the method of the invention, the stress was applied repeatedly in the same condition, and 
no crack was formed in the life of 40 times longer. Fig. 5 shows distribution of welding 
residual stress along the plate width before and after repair. In the conventional joint, 
the residual stress in the middle of plate thickness is tensile as indicated by broken line, 
while the welding residual stress after repairing by the method of the invention is 
compressive in the middle of plate thickness. 
[Effects of the Invention] 

As described specifically above, the method of the invention realizes to render the 
high tensile residual stress easily compressive without requiring complicated welding 
process, which was inevitable in a conventional weld structure, and hence improves the 
fatigue strength and prevents weld crack. 

Since the fatigue strength of weld zone is improved and weld crack is prevented 
without using complicated welding process, the reliability of weld structure is enhanced, 
and the process is simplified, and great economic effects are brought about. 
[Brief Description of Drawings] 

Fig. 1 is a plan view and front view of example of joint by angular rotation 
welding in an embodiment. 
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Fig. 2 is a diagram showing changes of stress caused in weld metal, being 
confined by cooling. 

Fig. 3 shows sectional photographs instead of drawings showing the difference in 
depth of penetration of weld metal by various types of shielding gas. 
Fig. 4 is a fatigue S-N curve. 

Fig. 5 is a distribution diagram of welding residual stress by repair welding. 
[Reference Numerals] 

1 Main steel plate 

2 Annex 

3 Welding layer 

[Abstract] 

[Problem] To prevent a new improved welding method capable of easily increasing the 
compressive residual stress induced in welding stopping end portion by deepening 
penetration of weld metal, and effective for improving the fatigue strength and preventing 
weld crack. 

[Solving Means] Arc welding is applied to weld metal by using a welding material of which 
martensite transformation expansion terminates at room temperature where the welding 
is complete or in its vicinity, and a shielding gas containing carbon dioxide gas. 
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